The displacement of a water-air interface and its relaxation as a function of acoustic energy density and surface tension were analyzed both experimentally and numerically. Experimental systems were devised to observe the time evolution of the surface. A theoretical model to predict the response of the interface to acoustic excitation was also developed. It was found that the Langevin pressure due to a focused acoustic beam will cause the interface to rise to a height that is a function of the energy density of the beam. The rise time, which is the time it takes for the wafer surface to rise to its maximum height, was found to be independent of the incident energy, but was found to be a function of the surface tension. The time of mound formation measurements in clean water at low-energy acoustic excitations were found to be within 20% of the simulation results. These results imply that surface rise time measurements may present a novel way of measuring surface tension of water-surfactant combinations accurately and rapidly by a simple noncontacting technique.
We use a boundary integral method to analyze the surface deformation caused by a focused acoustic beam at a water-air interface. In this analysis, we mainly concentrate on the effects of the surface tension and the incident acoustic energy on the surface displacement and the surface rise time. Our results show that the rise time is weakly dependent on the incident acoustic pulse energy, provided that the energy is kept below a certain threshold. We find that the rise time is a strong function of surface tension.
The experimental technique for measuring the above parameters is shown in Fig. 1 . We alter the surface tension of water by adding small amounts of surfactants, and mea- interface between a liquid and a pressure-release surface such as air, radiation pressure can be shown to be ?
where Ii is the average intensity of the incident acoustic beam, and c is the speed of sound in the liquid. We are justified to use this expression, since the wave front is planar and parallel to the surface at the focal plane. The field intensity at the focal plane of a focused transducer 9 can be written as 
where r is the radial distance away from the focus, I o is the peak intensity at r=0, a and z o are the radius and the focal length of the transducer, respectively, and A is the wavelength of the acoustic wave in the medium. In order to evaluate the radiation pressure distribution at the surface, one has to know the total instantaneous power incident at 
The f number of a lens is defined as 
Transforming the equation of motion into dimensionless form by scaling with L and V, we obtain a set of equations that depend on the parameter 
B. Integral formulation
Here we consider an interface between a gas and a liquid, which is much more dense than the gas, so that the interface could be imagined to be composed of incompressible liquid and vacuum. The flow is assumed to be irrotational. With these assumptions, the flow can be expressed in terms of singular dipole solutions of Laplace's equation distributed over the deforming surface. The formulation is described in detail by Lundgren and Mansour. II Using Bernoulli's equation as the equation of motion, and Laplace's formula for the surface tension, the evolution equation can be expressed in terms of a velocity potential •. In Lagrangian coordinates, moving with the surface, we have 
where * denotes the dimensionless quantities.
C. Results: Dimensionless
In this section, all the quantities used are dimensionless. In Fig. 3, we have plotted In Fig. 4 , we show the time of mound formation t r as a function of qb 0. The most interesting finding is that, in the linear regime, the time when the mound reaches its maximum height seems to be independent of •o. Figure 4(b) shows that there is less than 2% variation in t, for a factor of 40 variation in •o. The most important implication of this finding is that the input power in the linear range is not an important factor in determining the time of mound formation. This is due to the fact that the surface acts like a membrane with a characteristic length and a characteristic velocity ( V --•pL). Therefore, we have a characteristic frequency V/L, which is the inverse rise time. Figure 5 shows the maximum height hma x as a function of qb0. We have also plotted, on the figure, the curve h=0.4d•o as an approximation to the development of maximum height as a function of •b. We find that, in fact, for small •0 ( < 0.4), the maximum height is linearly proportional to qb0. This observation, combined with the fact that t r is independent of •0, implies that the curves in Fig. 3 (a) , and the first two curves in Fig. 3(b) , will collapse under normalization with hma x . Figure 6 demonstrates this result.
We conclude that, if gravity effects are negligible, the curve that best fits the curves shown as solid lines in Table I . 
III. THE EXPERIMENTAL SYSTEM AND RESULTS
The purpose of these experiments is to determine the dependence of rise time on surface tension and incident acoustic energy. A confocal optical microscope ]2 tracks the variations of the water surface displacement caused by the radiation pressure associated with the acoustic pulse. The laser beam from the confocal microscope is carefully positioned, as shown in Fig. 1, over the center 
